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1
COLD SPRAY DUCT FOR A GAS TURBINE
ENGINE

FEDERALLY SPONSORED RESEARCH

This invention was made with government support under
contact number N00421-14-G-0001 awarded by the Depart-
ment of Defense. The U.S. government may have certain
rights in the invention.

FIELD

The present disclosure relates to cold spray manufacturing
of ducts for a gas turbine engine.

BACKGROUND

A gas turbine engine generally includes a turbomachine
and a rotor assembly. Gas turbine engines, such as turbofan
engines, may be used for aircraft propulsion. In a turbofan
engine, the rotor assembly may be configured as a fan
assembly. The turbomachine may include a spool arrange-
ment. For example, the spool arrangement may include a
high pressure, high speed spool and a low pressure, low
speed spool. A combustion section of the turbomachine
receives pressurized air from a turbomachine flow, which is
mixed with fuel and combusted within a combustion cham-
ber to generate combustion gases. The combustion gases are
contained by a turbomachine casing and are provided to the
spool arrangement. For example, the combustion gases may
be provided first to a high pressure turbine of the high
pressure spool, driving the high pressure spool, and subse-
quently to a low speed turbine of the low speed spool,
driving the low speed spool.

In a turbofan engine, the fan assembly generally includes
a fan and a fan casing. The fan generally includes a plurality
of airfoils or fan blades extending radially outwardly from a
central hub and/or a disk. Turbofan engines may generally
have separation of fluid flow to form the turbomachine flow
described above and a bypass flow around the turbomachine.
The bypass is generally controlled by a bypass duct which
may form at least part of the outer engine case.

Flow control ducts like the bypass duct and turbomachine
casing are often subject to high mechanical loads due to its
containment of other engine components and stresses such
as hoop stress due to the turbomachine flow and bypass flow.
Additionally, particularly in low-bypass engines, the bypass
duct is subject to high thermal loads. Yet higher can be the
thermal loads in turbomachine casings. Known flow control
ducts may have relatively heavy construction to manage the
required loads. There is a need for an improved flow control
duct to effectively manage high mechanical and thermal
loads while reducing weight.

BRIEF DESCRIPTION

An object of this disclosure is to describe various flow
control duct arrangements to for use in a gas turbine engine.
The inventors of the present disclosure have found that
given the heavy construction and relatively large nature of
the flow control duct, the turbomachine casing can benefit
from a reduced weight in the flow control duct.

Engine case components may be constructed using addi-
tive manufacturing techniques such as cold spray manufac-
turing. Using the described techniques, an engine case and
components thereof may be constructed with optimized
properties include reduced weight, increased stiffhess, and/
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or increased resistance to thermal loads. The described
engine case may advantageously provide a resilient and
lightweight configuration to contain components and pro-
pulsive flow of a gas turbine engine.

One aspect provides a method for forming a closed loop
annular component of a turbine engine, the method includ-
ing spraying, with a nozzle, a first particulate of a first
material towards a substrate; spraying, with the nozzle, a
second particulate of a second material towards the sub-
strate; maintaining a spray distance and a spray angle
between the nozzle and the substrate during spraying; depos-
iting the first particulate on the substrate to form a first
annular layer; and selectively depositing the second particu-
late on the first annular layer to form a reinforcing structure,
the reinforcing structure defining a pattern spacing between
corresponding deposits less than or equal to 2.5 inches.

Another aspect provides a closed loop annular component
for a turbine engine, having a reinforcing structure, the
reinforcing structure having a rib structure defining: a rib
height; a rib width; and a rib spacing between adjacent ribs,
the rib spacing less than or equal to 2.5 inches; a skin
defining a skin thickness between adjacent ribs; and a
plurality of annular layers, having: a first annular layer; and
a second annular layer, wherein the skin thickness is defined
at least in part by each of the first and second annular layers.

Yet another aspect provides a method for forming a closed
loop annular component of a turbine engine, the method
including: spraying, with a nozzle, a first particulate and a
second particulate towards a substrate; depositing the first
particulate on the substrate to form a skin, the skin defining
a skin thickness less than or equal to 0.030 inches; and
depositing the second particulate on the skin to form a first
reinforcing structure layer having a plurality of ribs, the first
reinforcing structure layer defining a rib spacing less than or
equal to 2.5 inches between adjacent ones of the plurality of
ribs.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view of a gas turbine engine;

FIG. 2 is a schematic diagram of an embodiment of a cold
spray manufacturing arrangement;

FIG. 3 is a schematic diagram of another embodiment of
a cold spray manufacturing arrangement;

FIG. 4 is a schematic diagram of yet another embodiment
of a cold spray manufacturing arrangement;

FIG. 5 is an embodiment of a bypass duct which may be
constructed using conventional or cold spray manufacturing
techniques;

FIG. 6 is an embodiment of a bypass duct which may be
constructed using cold spray manufacturing techniques;

FIG. 7 is a portion of a bypass duct which may be
constructed using cold spray manufacturing techniques;

FIG. 8 is a schematic representation of a portion of a
bypass duct which may be constructed using cold spray
manufacturing techniques;

FIG. 9 is a cross-sectional schematic view of a bypass
duct which may be constructed using conventional or cold
spray manufacturing techniques;

FIG. 10 is a cross-sectional schematic view of an embodi-
ment of a bypass duct which may be constructed using cold
spray manufacturing techniques;

FIG. 11 is a cross-sectional schematic view of another
embodiment of a bypass duct which may be constructed
using cold spray manufacturing techniques; and
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FIG. 12 is a cross-sectional schematic view of yet another
embodiment of a bypass duct which may be constructed
using cold spray manufacturing techniques.

Other aspects and advantages of the embodiments dis-
closed herein will become apparent upon consideration of
the following detailed description, wherein similar or iden-
tical structures may have similar or identical reference
numerals.

DETAILED DESCRIPTION

Reference will now be made in detail to present embodi-
ments of the invention, one or more examples of which are
illustrated in the accompanying drawings. The detailed
description uses numerical and letter designations to refer to
features in the drawings. Like or similar designations in the
drawings and description have been used to refer to like or
similar parts of the invention.

The word “exemplary” is used herein to mean “serving as
an example, instance, or illustration.” Any implementation
described herein as “exemplary” is not necessarily to be
construed as preferred or advantageous over other imple-
mentations.

As used herein, the terms “first”, “second”, and “third”
may be used interchangeably to distinguish one component
from another and are not intended to signify location or
importance of the individual components.

The terms “forward” and “aft” refer to relative positions
within a gas turbine engine or vehicle and refer to the normal
operational attitude of the gas turbine engine or vehicle. For
example, with regard to a gas turbine engine, forward refers
to a position closer to an engine inlet and aft refers to a
position closer to an engine nozzle or exhaust.

The terms “upstream” and “downstream” refer to the
relative direction with respect to fluid flow in a fluid path-
way. For example, “upstream” refers to the direction from
which the fluid flows, and “downstream” refers to the
direction to which the fluid flows.

The terms “coupled,” “fixed,” “attached to,” and the like
refer to both direct coupling, fixing, or attaching, as well as
indirect coupling, fixing, or attaching through one or more
intermediate components or features, unless otherwise
specified herein.

The singular forms “a”, “an”, and “the” include plural
references unless the context clearly dictates otherwise.

Approximating language, as used herein throughout the
specification and claims, is applied to modify any quantita-
tive representation that could permissibly vary without
resulting in a change in the basic function to which it is
related. Accordingly, a value modified by a term or terms,
such as “about”, “approximately”, and “substantially”, are
not to be limited to the precise value specified. In at least
some instances, the approximating language may corre-
spond to the precision of an instrument for measuring the
value, or the precision of the methods or machines for
constructing or manufacturing the components and/or sys-
tems. For example, the approximating language may refer to
being within a 1, 2, 4, 10, 15, or 20 percent margin.

Here and throughout the specification and claims, range
limitations are combined and interchanged, such ranges are
identified and include all the sub-ranges contained therein
unless context or language indicates otherwise. For example,
all ranges disclosed herein are inclusive of the endpoints,
and the endpoints are independently combinable with each
other.

In some embodiments, one or more components of the gas
turbine engine described hereinbelow may be manufactured
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or formed using any suitable process, such as an additive
manufacturing process, such as a 3-D printing process. The
use of such a process may allow such component to be
formed integrally, as a single monolithic component, or as
any suitable number of sub-components. In particular, the
additive manufacturing process may allow such component
to be integrally formed and include a variety of features not
possible when using prior manufacturing methods. For
example, the additive manufacturing methods described
herein enable the production of airfoils, turbine vanes and
rotors, compressor vanes and rotors, and/or fan blades. Such
components may have unique features, configurations,
thicknesses, materials, densities, fluid passageways, head-
ers, and mounting structures that may not have been possible
or practical using prior manufacturing methods. Some of
these features are described herein.

As used herein, the terms “additively manufactured” or
“additive manufacturing techniques or processes” refer gen-
erally to manufacturing processes wherein successive layers
of material(s) are provided on each other to “build-up,”
layer-by-layer, a three-dimensional component. The succes-
sive layers generally fuse together to form a monolithic
component which may have a variety of integral sub-
components. Although additive manufacturing technology is
described herein as enabling fabrication of complex objects
by building objects point-by-point, layer-by-layer, typically
in a vertical direction, other methods of fabrication are
possible and within the scope of the present subject matter.
For example, although the discussion herein refers to the
addition of material to form successive layers, one skilled in
the art will appreciate that the methods and structures
disclosed herein may be practiced with any additive manu-
facturing technique or manufacturing technology. For
example, embodiments of the present invention may use
layer-additive processes, layer-subtractive processes, or
hybrid processes.

Cold spray manufacturing may be applied in the construc-
tion of various components. Cold spray manufacturing may
facilitate construction of larger components than other types
of additive manufacturing. A component made using these
techniques may be used as a non-functional or functional
prototype or may be used in serial production. Cold spray or
cold spray additive manufacturing generally accelerates
particles from a nozzle in a high velocity fluid stream
towards a substrate or backing plate. The particles then
impact on the substrate, deforming and bonding with one
another to create a layer.

Relative movement of the nozzle across the substrate
during this process is used to form a complete layer. This
relative movement may be achieved by moving the nozzle
and/or the substrate. Layerwise construction can then pro-
vide subsequent particles to a first layer in order to form a
second layer. Cold spray manufacturing may be used to
apply various materials such as pure metals, alloys, metallic
glasses, matrix composites, and/or polymers.

After fabrication of a component is complete, various
post-processing procedures may be applied to the compo-
nent. Post processing procedures include removal of the
deposited layers from the substrate and removal of excess
material by, for example, blowing, vacuuming, and/or blast-
ing. Other post processing procedures include a stress
release process. Additionally, thermal and chemical post
processing procedures can be used to finish the part. For
example, a component may be chemically etched to create
a specific surface configuration. Mechanical machining pro-
cesses may also be employed. A component made using cold
spray techniques may be described as a near net component.
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For example, such a component may require minimal post-
processing and/or finish machining to meet the design needs.
This near net construction can reduce cost and waste mate-
rial by limiting post-processing.

Referring now to the Drawings, FIG. 1 is a sectional
schematic view of an embodiment of a gas turbine engine
10. The shown embodiment may be used within an aircraft
in accordance with aspects of the present subject matter.
More particularly, for the embodiment of FIG. 1, the gas
turbine engine is a high-bypass turbofan jet engine, with the
gas turbine engine 10 being shown having a longitudinal or
axial centerline axis 12 extending therethrough along an
axial direction A for reference purposes. The gas turbine
engine 10 further defines a radial direction R extended from
the centerline 12. Although an exemplary turbofan embodi-
ment is shown, it is anticipated that the present disclosure
may be equally applicable to turbomachinery in general,
such as an open rotor, a turboshaft, turbojet, or a turboprop
configuration, including marine and industrial turbine
engines and auxiliary power units.

In general, the gas turbine engine 10 includes a turboma-
chine (indicated generally by reference character 14) and a
fan assembly 16 positioned upstream thereof. The turboma-
chine 14 may include an outer casing 18. The outer casing
18 may be of a substantially tubular configuration and/or
may define an annular inlet 20. In addition, the outer casing
18 may further enclose and support a low pressure (“LP”)
compressor 22 for increasing the pressure of the air that
enters the turbomachine 14 to a first pressure level. A high
pressure (“HP”) compressor may be included. For example,
a multi-stage, axial-flow configuration of the HP compressor
24 may receive the pressurized air from the LP compressor
22 and further increase the pressure of such air.

The pressurized air exiting the HP compressor 24 may
flow to a combustor 26 within which fuel is injected into the
flow of pressurized air, with the resulting mixture being
combusted within the combustor 26. Combustion products
60 may be directed from the combustor 26 along a hot gas
path 67 of the gas turbine engine 10 to a high pressure
(“HP”) turbine 28 for driving the HP compressor 24 via a
high pressure (“HP”) shaft or spool 30. The combustion
products 60 may also flow to a low pressure (“LP”) turbine
32 for driving the LP compressor 22. The LP turbine 32 may
also drive the fan assembly 16. For example, the LP turbine
32 may drive the LP compressor 22 and/or the fan assembly
16 via a low pressure (“LP”) shaft or spool 34. The LP shaft
34 may be generally coaxial with the HP shaft 30. After
driving the turbines 28 and 32, the combustion products 60
may be expelled from the turbomachine 14 via an exhaust
nozzle 36 which may provide propulsive jet thrust.

The turbine sections of the gas turbine engine 10 may
include one or more non-rotatable components. For
example, the HP turbine 28 may include a plurality of HP
turbine stator vanes 29. The LP turbine may include a
plurality of LP turbine stator vanes 33. The HP turbine stator
vanes 29 and LP turbine stator vanes may be configured to
span the hot gas path 67 in the radial direction R. The HP
turbine stator vanes 29 and LP turbine stator vanes may be
non-rotatable about the longitudinal centerline axis 12 rela-
tive to the outer casing 18 and may be used to support the
outer casing 18. The HP turbine stator vanes 29 and LP
turbine stator vanes 33 may be tuned or tunable to increase
the performance of the gas turbine engine 10 by controlling
flow speed and pressure.

The turbine sections of the gas turbine engine 10 may
include a plurality of rotor blades. For example, the HP
turbine 28 may include a plurality of HP turbine rotor blades
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31. The LP turbine 32 may include a plurality of LP turbine
rotor blades 35. The HP turbine rotor blades 31 and LP
turbine rotor blades 35 may be rotatable relative to the outer
casing 18. Relative rotation between the HP turbine stator
vanes 29 and the HP turbine rotor blades 31 and between the
LP turbine stator vanes 33 and the LP turbine rotor blades 35
may be tuned or tunable. For example, pitches of the HP
turbine stator vanes 29, HP turbine rotor blades 31, LP
turbine stator vanes 33, and/or LP turbine rotor blades may
be adjusted or adjustable to optimize flow through the hot
gas path 67.

The performance of the gas turbine engine 10 may be
increased by minimizing clearances between components
such as vanes and blades and ducting components rotatable
relative thereto. For example, minimizing and maintaining a
clearance between the turbine rotor blades 31, 35 and the
outer casing 18 may be used to increase engine performance.
Minimizing and maintaining a clearance between the turbine
stator vanes 29, 33 and a rotatable component such as the L.P
shaft or spool 34 or a component coupled thereto may also
be used to increase engine performance.

As shown in FIG. 1, the fan assembly 16 of the gas turbine
engine 10 may include a fan rotor 38. For example, a
rotatable, axial-flow configuration of the fan rotor 38 may
configured to rotate in a first circumferential direction P
(opposite a second circumferential direction Q) surrounded
or ducted by a fan casing 40. In some embodiments, the LP
shaft 34 may be connected directly to the fan rotor 38 and/or
the rotor disk 61, such as in a direct-drive configuration. In
some configurations, the LP shaft 34 may be connected to
the fan rotor 38 via a speed reduction device 37 such as a
reduction gear gearbox in an indirect-drive or geared-drive
configuration. The speed reduction device 37 may be
included between any suitable shafts/spools within the gas
turbine engine 10 as desired or required. The fan rotor 38
may include a fan shaft extending from the speed reduction
device 37 (not labeled) for driving the fan assembly 16.

It should be appreciated by those of ordinary skill in the
art that the fan casing 40 may be configured to be supported
relative to the turbomachine 14. For example, the fan casing
40 may be supported by a plurality of substantially radially-
extending, circumferentially-spaced supports. In an embodi-
ment, a plurality of outlet guide vanes 42 are provided as
such supports. As such, the fan casing 40 may enclose the
fan rotor 38. The fan casing may include an outer nacelle 21,
which may be configured for acrodynamic flight properties
such as drag reduction. The fan rotor 38 may be connected
to a plurality of fan blades 44. For example, a disk 61 may
be provided for coupling to the plurality of fan blades 44.
Moreover, a downstream portion 46 of the fan casing 40 may
extend over an outer portion of the turbomachine 14 to
define an airflow conduit 48. The airflow conduit 48 may be
configured as a secondary, or bypass, airflow conduit. The
airflow conduit 48 may be configured to provide additional
propulsive jet thrust and/or may be used to effect cooling of
the gas turbine engine 10, for example using a fan nozzle 47.

The airflow conduit 48 is at least in part constrained by a
bypass duct 49. The bypass duct 49 may be attached to or
integrated with the fan casing 40. The bypass duct 49 is
configured to control airflow within the airflow conduit 48,
for example with a bypass duct inner surface 51. The bypass
duct 49 may also be referred to as an outer bypass duct. In
some embodiments, multiple bypass air flows may be con-
trolled by one or more bypass ducts.
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A hub 64 may be provided to cover the disk 61. For
example, the hub 64 may be rotatable with the disk 61 and
aerodynamically contoured to control airflow through the
plurality of fan blades 44.

A pitch change mechanism (“PCM”) 39 may be provided.
For example, the PCM 39 may be operatively coupled to the
plurality of fan blades 44 and configured to vary the pitch of
at least some of the fan blades. Individual fan blades 44 may
be rotatable relative to the disk 61 about a pitch axis P and
controlled by the PCM 39. The PCM 39 may be configured
to vary the pitch of fan blades 44 individually or in unison.

It will be appreciated, however, that the gas turbine engine
10 is provided by way of example only. In other exemplary
embodiments, the gas turbine engine 10 may have any other
suitable configuration. For example, in other exemplary
embodiments, the gas turbine engine 10 may include a
fixed-pitch fan, may be configured as a direct drive engine
(i.e., may not include the gearbox 37), may include any
suitable or desired number or configuration of shafts or
spools, compressors, and/or turbines, etc.

Referring still to FIG. 1, during operation of the gas
turbine engine 10, it should be appreciated that an initial
airflow 50 may enter the gas turbine engine 10 through an
initial inlet 52 of the fan casing 40. The initial airflow 50
may then pass through the fan blades 44. Downstream of the
fan blades 44, the initial airflow 50 may be divided. For
example, the initial airflow 50 may be split into a first
compressed airflow 54 that moves through the airflow
conduit 48 and a second compressed airflow 56 that enters
the LP compressor 22. The second compressed airflow 56
may travel along a core air flow path 15 contained by an
inner casing 19 of the turbomachine 14. The pressure of the
second compressed airflow 56 may then be increased as it
enters the HP compressor 24 as a third compressed airflow
58. After mixing with fuel and being combusted within the
combustor 26, the combustion products 60 may exit the
combustor 26 and flow through the HP turbine 28. There-
after, the combustion products 60 may flow through the LP
turbine 32 and exit the exhaust nozzle 36 to provide thrust
for the gas turbine engine 10.

FIG. 1 shows a configuration where the bypass duct inner
surface 51 is provided to control the first compressed airflow
54. In this arrangement, the first compressed airflow 54 is
constrained between the bypass duct inner surface 51 and
the outer casing 18 of the turbomachine 14.

Composite materials may be used in the construction of
various components of the gas turbine engine 10. For
example, the bypass duct 49 may be at least in part con-
structed from composite materials. In an embodiment, the
bypass duct 49 may include at least one composite ply. For
instance, the bypass duct 49 may be formed at least partially
from a ceramic matrix composite. More particularly, in
certain embodiments, the bypass duct 49 may be formed in
part from one or more composite plies configured as ceramic
matrix composite prepreg plies.

Composite materials may include, but are not limited to,
metal matrix composites (MMCs), polymer matrix compos-
ites (PMCs), or ceramic matrix composites (CMCs). Com-
posite materials, such as may be utilized in bypass duct 49,
generally include a fibrous reinforcement material embed-
ded in matrix material, such as polymer, ceramic, or metal
material. The reinforcement material serves as a load-bear-
ing constituent of the composite material, while the matrix
of'a composite material serves to bind the fibers together and
act as the medium by which an externally applied stress is
transmitted and distributed to the fibers.
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Various components may also be constructed of compos-
ite or non-composite metallic materials. For example, the
bypass duct 49 and/or the inner casing 19 of the turboma-
chine 14 may be constructed of heat resistant metallic
materials. In an embodiment, these components are con-
structed at least in part of titanium alloy such as Ti-6A1-4V.
Such components may also be constructed at least in part of
one or more steel alloys. In particularly high heat applica-
tions, heat resistant alloys may be used, for example to
maintain strength over a wide range of operating tempera-
tures. In an embodiment, nickel alloys such as Inconel 625,
600, and/or 718 may be used to construct one or more of the
flow control ducts. In applications where temperatures are
relatively low, alloys such as aluminum alloys including
6000, 7000, and/or 8000 series aluminum alloys may be
used.

Referring to FIG. 2, illustrating a schematic diagram of a
cold spray manufacturing arrangement 68, various compo-
nents of the gas turbine engine 10 may be manufactured
using cold spray techniques. The illustrated cold spray
manufacturing arrangement 68 uses a nozzle 70 to deposit
particles 72 onto a substrate 74 to form a layer 76 on the
substrate 74. The substrate 74 as shown has a substantially
flat and smooth surface, however other arrangements of
substrate may be used such as one having surface features to
impart corresponding features to the manufactured compo-
nent. The depicted embodiment includes a particle feeder 78
configured to supply particles 72 to the nozzle via a particle
conduit 80 which may be a tubular component. The particle
conduit conducts the particles 72 along a fluid, particularly
gas, flow supplied by a pressure source 82. A secondary
conduit 84 may be provided to aid deposition. For example,
the secondary conduit 84 may diverge from the particle
conduit 80 downstream of the pressure source 82. In the
depicted embodiment, a heater 86 is provided to aid in the
deformation and bonding of the particles 72.

Referring to FIG. 3, illustrating a schematic diagram of a
cold spray manufacturing arrangement 268 configured for
curved component construction, various curved and/or
annular components may be manufactured using cold spray
techniques. As shown, cold spray techniques such as those
described with reference to FIG. 2 can apply subsequent
layers of particles 272 to form a component using layerwise
construction. As shown, particles 272 of a first particulate
may be sprayed on a deposition area 275 of the substrate 274
with the nozzle 270 to form a first layer 276a. Subsequently,
particles 272 of a second particulate may be sprayed on the
first layer 2764 to form a second layer 2766.

The particles 272 of the first and second particulates may
be formed of the same material or may include different
materials. For example, a heat resistant and/or smooth
depositing material may be used to form one or more
external layers of a component. The layers 276a, 2765 may
be of uniform thickness or may differ from one another.
Each layer 2764, 2765 may also have uniform thickness or
may differ in thickness itself. For example, reinforcing
structures such as grid-stiffened structures may be
employed. In various embodiments, grid-stiffened structures
may include stringers, an orthogrid, an x-grid, a waflle grid,
a bi-grid, and/or an isogrid may be formed at least in part by
varying the thickness of at least one of the layers 276a, 2765.

The arrangement of FIG. 3 depicts a potential method of
manufacturing curved and/or annular components. For
example, a closed loop annular component may be formed
wherein the substrate forms a complete annulus. In the case
of an annular substrate 274, deposition of particles 272 may
occur from inside the annulus or from outside the annulus.
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For example, inboard deposition may be performed with a
nozzle 270 disposed radially inboard of the substrate 274
and outboard deposition may be performed with a nozzle
270 disposed radially outboard of the substrate relative to a
manufacturing axis M as described in the following para-
graph. Cold spray manufacturing may benefit from main-
taining a substantially orthogonal or perpendicular deposi-
tion of particles 272 to the component being manufactured.
Such deposition may further be achieved by maintaining a
distance and/or angle relationship between the nozzle 270
and an active part of the substrate 274. In one exemplary
embodiment, a spray angle defined between the nozzle 270
and a plane of the substrate 274 nearest the nozzle 270 may
be held substantially constant during deposition of particles
272, for example within a range of 10 degrees, or within a
range of 5 degrees. A spray distance defined between the
nozzle 270 and the plane of the substrate 274 nearest the
nozzle 270 may be held substantially constant, for example
within a range of 10 percent or 5 percent.

The arrangement of FIG. 3 depicts an embodiment of the
cold spray manufacturing arrangement 268 where the sub-
strate 274 and/or the nozzle 270 are rotatable about a
manufacturing axis M. One of the substrate 274 and the
nozzle 270 may be configured to remain stationary while the
other is rotatable about the manufacturing axis M. Alterna-
tively, both the nozzle 270 and the substrate 274 may be
rotatable. For example, the substrate 274 may be rotatable
about the manufacturing axis M in a first rotational direction
X and the nozzle 270 may be rotatable about the manufac-
turing axis M in a second rotational direction Y opposite the
first rotational direction X. As shown in FIG. 3, the manu-
facturing axis M may be disposed such that the nozzle 70 is
between the deposition area 275 of the substrate 274 and the
manufacturing axis M.

Referring to FIG. 4, illustrating another schematic dia-
gram of a cold spray manufacturing arrangement 368 con-
figured for curved component construction, various curved
and/or annular components may also be manufactured using
cold spray techniques. As described above, the layers 376a,
37656 may be formed with varying thicknesses relative to
each other and themselves. One or more layers 376a, 3765
may also be formed intermittently. For example, FIG. 4
depicts a third layer 376¢ formed intermittently. In various
embodiments, selective or intermittent layer construction
may be used to form reinforcing structures such as stringers,
ribs, and/or isogrid construction.

The manufacturing axis M (not shown in FIG. 4) may also
be arranged such that the deposition area 375 of the substrate
374 is disposed between the nozzle 370 and the deposition
axis M in a manner in which the nozzle 370 may deposit
particles 372 onto the deposition area 375. As in FIG. 3, one
or both of the substrate 374 and the nozzle 370 may be
rotatable about the manufacturing axis M. In an embodi-
ment, one of the substrate 374 and the nozzle 370 is fixed
while the other is rotatable about the manufacturing axis M.
In such a manner, the substrate 374 is rotatable about the
manufacturing axis M relative to the nozzle 370. In the
embodiments of FIG. 3 and FIG. 4, it should also be
understood that a second manufacturing axis M may be
provided, for example to facilitate manufacturing of non-
circular components. Additionally or alternatively, one or
both of the nozzle 370 and substrate 374 may be movable
about the manufacturing axis M along a curved or angled
non-circular path, or may be moved in any other suitable
manner.

The nozzle 370 may also be provided on an articulable
mount 77 having at least one articulation point 79. The
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articulable mount 77 may be a robotic arm. In an embodi-
ment, the articulable mount 77 may have at least two degrees
of freedom defined at one or more articulation points 79. For
example, the articulable mount 77 may have at least three
degrees of freedom defined at one or more articulation
points 79, such as at least four degrees of freedom defined
at one or more articulation points 79, such as at least five
degrees of freedom defined at one or more articulation
points 79, such as at least six degrees of freedom defined at
one or more articulation points 79.

Each articulation point 79 may facilitate relative roll,
pitch, and/or yaw between components of the articulable
mount 77. The nozzle 370 when provided on the articulable
mount 77 may facilitate effective construction of compo-
nents by controlling the distance and relative angle of the
nozzle 370 and the substrate 374 with or without relative
rotation about the manufacturing axis M as described above.

The layers 3764, 3765 may form complete or intermittent
annular layers. For example, the first and second layers
376a, 3760 may be formed as complete annular layers. A
third layer 376¢ may be formed as an intermittent annular
layer. Subsequent intermittent layers may be formed on the
third layer 376¢, for example to form an isogrid structure,
where each may be referred to as a reinforcing structure
layer. Each of the layers 376a, 3765 may define part or all
of a reinforcing structure and/or part or all of a skin, as
described below.

As above, the layers 376a, 3765, 376¢ may be formed
from different materials. For example, a relatively stiff layer
of a first material having a relatively high Young’s modulus
may be deposited onto a relatively flexible layer of a second
material having a relatively low Young’s modulus or vice
versa. Thermal properties of the layers may also vary. For
example, the first layer 376a may be formed of a first
material having a greater coefficient of thermal expansion
than the second layer 3765 or vice versa. In an embodiment,
one of the first layer 3764 and second layer 37656 may be
constructed from a first material having a relatively high
Young’s modulus and the other of the first layer 376a and
second layer 3765 may be constructed from a second
material having a relatively low Young’s modulus, where
both the first and second materials have substantially similar
coeflicients of thermal expansion. As used herein, the term
“substantially similar” with respect to the two coefficients of
thermal expansion refers to the first coefficient of thermal
expansion being substantially the same as the second coef-
ficient of thermal expansion, according to the definition of
“substantially” provided above. Such an arrangement may
facilitate resilience and longevity of the component by
limiting relative expansion or contraction between layers
during use of the component while taking advantage of the
different material properties in the component. In a further
embodiment, the first and third layers 376a, 376c may each
have a relatively high Young’s modulus while the second
layer 3765 disposed therebetween has a relatively low
Young’s modulus. In this and other embodiments, all layers
376a, 3765, 376¢ may have substantially similar coefficients
of thermal expansion.

It will be appreciated that the terms “relatively high” and
“relatively low” are meant to differentiate two values from
one another and do not require or imply any threshold value.

Referring to FIG. 5, an embodiment of a bypass duct 49
in accordance with an embodiment of the present disclosure
is provided. The bypass duct 49 may be configured in a
similar manner as one or more of the bypass ducts 49
described above. For example, the exemplary embodiment
of the bypass duct 49 depicted has a bypass duct inner
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surface 51 and a bypass duct outer surface 53. The bypass
duct 49 of FIG. 5 may be constructed using conventional
methods or using cold spray manufacturing techniques for
example as described with reference to FIGS. 2-4. The
bypass duct 49 may be a unitary construction or may be
made of separately manufactured portions. The bypass duct
49 depicted has a first bypass duct portion 88 and a second
bypass duct portion 90 attachable at a bypass duct connec-
tion 92. The bypass duct connection 92 may be a removable
connection using fasteners or may be a permanent or semi-
permanent connection, for example using adhesives, bond-
ing, and/or welding. Such a bypass duct 49 made of a
plurality of portions may facilitate construction using vari-
ous methods and/or may facilitate access for assembly
and/or service of the gas turbine engine 10.

Referring now to FIG. 6, another embodiment of a bypass
duct 449 in accordance with another embodiment of the
present disclosure is provided. The bypass duct 449 may be
configured in a similar manner as one or more of the bypass
ducts 449 described above. For example, the exemplary
embodiment of the bypass duct 449 depicted has a bypass
duct inner surface 451 and a bypass duct outer surface 453.
The embodiment of FIG. 6 may be constructed using cold
spray manufacturing techniques, such as through one or
more techniques using an embodiment of the cold spray
manufacturing arrangements 68, 268, 368 described above
with reference to FIGS. 2-4. These techniques enable
advancements in performance including increased panel
bending stiffness, increased buckling resistance, and
reduced weight as described in further detail with reference
to FIGS. 7-12 below. As depicted, the bypass duct 449 has
a reinforcing structure on the bypass duct inner surface 451
and the bypass duct outer surface 453. As used herein, the
term “reinforcing structure” generally describes surface fea-
tures protruding from a surface of a component such as the
bypass duct 449. A reinforcing structure may be tuned in size
and shape to meet the needs of an application. For example,
a repeating geometric pattern may be provided in the form
of a grid such as an orthogrid, bi-grid, x-grid, or isogrid.

More specifically, FIG. 6 provides an isogrid reinforcing
structure that extends substantially completely across the
bypass duct inner surface 451 and substantially completely
across the bypass duct outer surface 453. It should be
appreciated that this structure may be provided on only one
of'the bypass duct inner and outer surfaces 451, 453, may be
provided intermittently on a surface, or may be omitted
altogether. Although the bypass duct 449 is shown as having
a first bypass duct portion 488 and a second bypass duct
portion 490 with a bypass duct connection 492 disposed
therebetween, it should be appreciated that the bypass duct
449 may be manufactured as a single piece and/or without
a bypass duct connection 492. Alternatively, the bypass duct
449 may be constructed with more than two bypass duct
portions attachable with a plurality of connections.

Referring to FIG. 7, which depicts a bypass duct portion
588 which may be constructed using cold spray manufac-
turing techniques and incorporated into or form a part of one
or more of the bypass ducts described above, a reinforcing
grid of an isogrid configuration can be seen in greater detail.
The reinforcing grid may have a repeating pattern defined by
a unit cell C. As shown in FIG. 7, the unit cell C has a unit
cell first dimension H and a unit cell second dimension W,
which may correspond to height and width dimensions
respectively. The unit cell first and second dimensions H, W
may be equal, substantially equal, or different. For example,
the unit cell first dimension H may be twice the unit cell
second dimension W.
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Each unit cell C includes at least one rib to form the
reinforcing grid. A rib structure may be provided to form at
least part of the reinforcing grid or structure. For example,
ribs may be formed in various geometric arrangements such
as orthogrid, x-grid, bi-grid, and/or isogrid configurations.
FIG. 7 depicts an arrangement having a first rib 593 repeat-
ing in the pattern and a second rib 594 repeating in the
pattern, where the first rib 593 is longer than the second rib
594. As shown, the first rib 593 may describe the hypotenuse
of a right triangle while the second rib 594 may describe
adjacent legs of a right triangle.

One or more openings between the ribs 593, 594 are
provided in each unit cell C. As shown, a first opening 596
and a second opening 597 may be provided between the ribs
594, 594. The first and second openings 596, 597 as shown
may be opposing right triangles forming a square separated
by the first rib 593. It should be appreciated that the openings
596, 597 can be configured with various geometries corre-
sponding to geometries of the ribs 593, 594. For example, a
third opening 598 may be provided at the junction of one or
more of the ribs 593, 594. In an embodiment, the third
opening 598 is provided at each junction of the ribs 593,
594. The third opening 598 may be circular or of any other
suitable geometry and may be configured to be substantially
smaller than either of the first and second openings 596, 597.

The bypass duct portion 588 as shown includes a skin
599. The skin 599 may define a base thickness of the bypass
duct portion. The base thickness of the skin 599 may be
maintained in the openings and may be built upon at the ribs
593, 594. The “skin” may generally refer to a base of a
component such as the bypass duct portion 588. For
example, the skin 599 may define the general size and shape
of the bypass duct portion 588 onto which various surface
features such as a reinforcing structure may be added. The
skin 599 may be intermittent, for example providing open-
ings. In an embodiment, the skin 599 has one or more
openings (for example opening 473) in FIG. 6). Openings
473 may be provided to combine or cross over different
bypass flows such as the first compressed airflow 54 and/or
to tap off such flows for providing power or flow for other
functions of the gas turbine engine 10 and/or an aircraft in
which it is installed.

An end band 595 may also be provided. The end band 595
may be constructed similarly to the ribs 593, 594 and may
be configured for joining adjacent bypass duct portions 588.
For example, opposing end bands 595 may be provided on
the adjacent first and second bypass duct portions 88, 90 to
provide reinforcement to the bypass duct connection 92 as
shown in FIG. 6.

Referring to FIG. 8, which depicts a schematic represen-
tation of a bypass duct portion 688 which may be con-
structed using cold spray manufacturing techniques and
incorporated into or form a part of one or more of the bypass
ducts described above, an isogrid pattern can be seen in
more detail. The embodiment of FIG. 8 differs from that of
FIG. 7 at least in that a non-right isosceles triangle is
depicted. In this embodiment, a first rib 693 is provided
opposite another first rib 693 of equal length, with a second
rib 694 provided to complete an isosceles triangle. While the
first rib 693 is depicted as longer than the second rib 694 to
form an acute triangle, it should be understood that the first
rib 693 may also be shorter than the second rib 694 to form
an obtuse triangle. A first opening 696 and a second opening
697 are depicted as defining adjacent and inverted isosceles
triangles defined in the skin 699 between the ribs 693, 694.
As in the embodiment of FIG. 7, one or more end bands 695
may be provided.
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Referring to FIG. 9, which depicts a cross-sectional
schematic view of a bypass duct which may be constructed
using conventional or cold spray manufacturing techniques
and incorporated into or form a part of one or more of the
bypass ducts described above, the skin 99 is shown as
having a skin thickness K. The skin thickness K may be
tunable to achieve properties such as mechanical strength,
heat resistance, and/or weight.

Referring to FIG. 10, which depicts a cross-sectional
schematic view of an embodiment of a bypass duct portion
788 which may be constructed using cold spray manufac-
turing techniques and incorporated into or form a part of one
or more of the bypass ducts described above, a skin 799 is
shown as having a first rib 793 and a second rib 794 disposed
thereon. As depicted, an opening 796 may be defined
between the first and second ribs 793, 794. The opening 796
may have a length defined by a pattern spacing L. The
pattern spacing L. represents the maximum distance between
first and second ribs 793, 794 in the unit cell C as shown in
FIGS. 7 and 8. More generally, the pattern spacing [ may be
defined as a distance between adjacent ribs, for example
adjacent parallel ribs. The ribs 793, 794 define a rib height
G extending orthogonally from the skin 799 and a rib
thickness J perpendicular to the direction of the rib height G.
A total thickness may be defined by adding the rib thickness
G to the skin thickness K. The embodiment of FIG. 10 may
represent a component manufactured from a titanium alloy
casting and then machined.

As above, the skin thickness K may be tunable to achieve
desired properties. In various embodiments, the skin thick-
ness may be in a range from 0.050 inches to 0.012 inches.
For example, the skin thickness K may be 0.035, 0.032,
0.030 inches. In some embodiments, particularly where rib
height G is maximized and/or where a major dimension or
pattern spacing L. of the unit cell C is minimized to create a
dense pattern, the skin thickness K may be less than 0.030
inches. For example, the skin thickness may be 0.0270
inches or 0.0250 inches.

The rib width J may also be tunable to achieve desired
properties. In various embodiments, the rib width J is in a
range from 0.012 to 0.040 inches. In some embodiments,
particularly where rib height G is maximized and/or where
a major dimension or pattern spacing L of the unit cell C is
minimized to create a dense pattern, the rib width J may be
less than or equal to 0.025 inches, for example 0.020 or
0.015 inches. The rib width J may be tuned such that the skin
thickness K is greater than or equal to the rib width J.

Referring to FIG. 11, which depicts a cross-sectional
schematic view of another embodiment of a bypass duct
portion 888 which may be constructed using cold spray
manufacturing techniques and incorporated into or form a
part of one or more of the bypass ducts described above, a
skin 899 is shown as having a first rib 893 and a second rib
894 disposed thereon. As depicted, an opening 896 may be
defined between the first and second ribs 893, 894. FIG. 11
differs from previous embodiments at least in that a rela-
tively short rib height G is provided. Also as shown, a
relatively large pattern spacing L is also provided in the
embodiment of FIG. 11. The embodiment of FIG. 11 may
represent a component manufactured out of a titanium alloy
that is fabricated and then chem milled.

The pattern spacing L. may also be tunable to achieve
desired properties. In various embodiments, the pattern
spacing L. may be between 1 and 2.5 inches. For example,
the pattern spacing L. may be 1.500, 1.750, 2.000, or 2.250
inches. Minimizing the pattern spacing L. as well as the skin
thickness K and rib thickness J may facilitate construction of
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a lightweight and strong component. These reduced dimen-
sions may be made efficiently and cost-effectively using the
cold spray manufacturing techniques described herein to
create large format components to near net dimensions, thus
reducing post-processing time and expense.

Referring to FIG. 12, which depicts a cross-sectional
schematic view of yet another embodiment of a bypass duct
portion 988 which may be constructed using cold spray
manufacturing techniques and incorporated into or form a
part of one or more of the bypass ducts described above, a
skin 999 is shown as having a first rib 993 and a second rib
994 disposed thereon. As depicted, an opening 996 may be
defined between the first and second ribs 993, 994. FI1G. 12
differs from previous embodiments at least in that a rela-
tively tall rib height G is provided. Also as shown, a
relatively large pattern spacing L is also provided in the
embodiment of FIG. 12. The embodiment of FIG. 12 may
represent a component manufactured to near net proportions
using cold spray manufacturing techniques. Such a compo-
nent may benefit from a relatively tall rib height G compared
to those used with conventional machining, milling, or
etching techniques as less time and expense must be under-
taken to remove material and arrive at a finished component.
In various embodiments, the rib height G may be greater
than one inch. For example, the rib height K may be 1.250
inches, 1.500 inches, 1.750 inches, or 2.000 inches.

A variable sized reinforcing grid may also be provided in
the same component using various dimensions described
with reference to FIGS. 9-12. Additionally or alternatively,
different geometries of reinforcing grids such as those in
FIGS. 7 and 8 may be provided in the same component.
Such tunability is feasible due to the cold spray manufac-
turing techniques described herein.

Multiple layers of construction may be included in vari-
ous features of a reinforcing grid as described. For example,
the first layer 2764 and the second layer 2765 as described
with reference to FIG. 3 may each define part of the rib
width J; the rib height, G, and the skin thickness K.

The components as described may be provided with any
of the features and elements as shown and described. The
illustrations of the embodiments described herein are
intended to provide a general understanding of the structure
of the various embodiments. The illustrations are not
intended to serve as a complete description of all of the
elements and features of apparatus and systems that utilize
the structures or methods described herein. Many other
embodiments may be apparent to those of skill in the art
upon reviewing the disclosure. Other embodiments may be
utilized and derived from the disclosure, such that structural
and logical substitutions and changes may be made without
departing from the scope of the disclosure. Additionally, the
illustrations are merely representational and may not be
drawn to scale. Certain proportions within the illustrations
may be exaggerated, while other proportions may be mini-
mized. Accordingly, the disclosure and the figures are to be
regarded as illustrative rather than restrictive.

While this specification contains many specifics, these
should not be construed as limitations on the scope of the
invention or of what may be claimed, but rather as descrip-
tions of features specific to particular embodiments of the
invention. Certain features that are described in this speci-
fication in the context of separate embodiments can also be
implemented in combination in a single embodiment. Con-
versely, various features that are described in the context of
a single embodiment can also be implemented in multiple
embodiments separately or in any suitable sub-combination.
Moreover, although features may be described above as
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acting in certain combinations and even initially claimed as
such, one or more features from a claimed combination can
in some cases be excised from the combination, and the
claimed combination may be directed to a sub-combination
or variation of a sub-combination.

One or more embodiments of the disclosure may be
referred to herein, individually and/or collectively, by the
term “invention” merely for convenience and without
intending to voluntarily limit the scope of this application to
any particular invention or inventive concept. Moreover,
although specific embodiments have been illustrated and
described herein, it should be appreciated that any subse-
quent arrangement designed to achieve the same or similar
purpose may be substituted for the specific embodiments
shown. This disclosure is intended to cover any and all
subsequent adaptations or variations of various embodi-
ments. Combinations of the above embodiments, and other
embodiments not specifically described herein, are apparent
to those of skill in the art upon reviewing the description.

It is intended that the foregoing detailed description be
regarded as illustrative rather than limiting and that it is
understood that the following claims including all equiva-
lents are intended to define the scope of the invention. The
claims should not be read as limited to the described order
or elements unless stated to that effect. Therefore, all
embodiments that come within the scope and spirit of the
following claims and equivalents thereto are claimed as the
invention.

Further aspects are provided by the subject matter of the
following clauses:

One aspect provides a method for forming a closed loop
annular component of a turbine engine, the method includ-
ing spraying, with a nozzle, a first particulate of a first
material towards a substrate; spraying, with the nozzle, a
second particulate of a second material towards the sub-
strate; maintaining a spray distance and a spray angle
between the nozzle and the substrate during spraying; depos-
iting the first particulate on the substrate to form a first
annular layer; and selectively depositing the second particu-
late on the first annular layer to form a reinforcing structure,
the reinforcing structure defining a pattern spacing between
corresponding deposits less than or equal to 2.5 inches.

In one aspect, the first material and the second material
are the same.

In another aspect, at least one of the substrate or the
nozzle are rotatable about an axis.

In another aspect, the first particulate is deposited radially
inboard of the substrate relative to the axis.

In another aspect, the first particulate is deposited radially
outboard of the substrate relative to the axis.

In another aspect, the reinforcing structure comprises an
isogrid pattern, the isogrid pattern comprising: a rib struc-
ture defining a rib height and a rib width; and a skin between
adjacent ribs of the rib structure, the skin defining a skin
thickness.

In another aspect, the skin thickness is less than 0.030
inches and the rib width is less than 0.040 inches.

In another aspect, the skin thickness is greater than or
equal to the rib width.

In another aspect, the skin thickness is less than or equal
to 0.027 inches and the rib width is less than or equal to
0.025 inches.

In another aspect, the pattern spacing is less than or equal
to 2.0 inches.

In another aspect, the pattern spacing is less than or equal
to 1.5 inches.
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Another aspect provides a closed loop annular component
for a turbine engine, having a reinforcing structure, the
reinforcing structure having a rib structure defining: a rib
height; a rib width; and a rib spacing between adjacent ribs,
the rib spacing less than or equal to 2.5 inches; a skin
defining a skin thickness between adjacent ribs; and a
plurality of annular layers, having: a first annular layer; and
a second annular layer, wherein the skin thickness is defined
at least in part by each of the first and second annular layers.

In another aspect, the first annular layer and the second
annular layer are formed of the same material.

In another aspect, the rib width is defined at least in part
by each of the first and second annular layers.

In another aspect, the skin thickness is less than 0.030
inches and the rib width is less than 0.040 inches.

In another aspect, the first annular layer defines more of
the skin thickness than the second annular layer.

In another aspect, the skin thickness is less than or equal
to 0.025 inches and the rib width is less than or equal to
0.020 inches.

In another aspect, the skin thickness is greater than or
equal to the rib width.

In another aspect, the reinforcing structure comprises an
isogrid pattern.

Another aspect provides a method for forming a closed
loop annular component of a turbine engine, the method
including: spraying, with a nozzle, a first particulate and a
second particulate towards a substrate; depositing the first
particulate on the substrate to form a skin, the skin defining
a skin thickness less than or equal to 0.030 inches; and
depositing the second particulate on the skin to form a first
reinforcing structure layer having a plurality of ribs, the first
reinforcing structure layer defining a rib spacing less than or
equal to 2.5 inches between adjacent ones of the plurality of
ribs.

Another aspect provides A method for forming an annular
component of a turbine engine, the method including: spray-
ing, with a nozzle, a first particulate of a first material
towards a substrate; spraying, with the nozzle, a second
particulate of a second material different from the first
material towards the substrate; rotating at least one of the
substrate or the nozzle about an axis; depositing the first
particulate on the substrate to form a first annular layer; and;
depositing the second particulate on the first annular layer to
form a second annular layer.

In another aspect, the method includes depositing the first
particulate on the second annular layer to form a third
annular layer.

In another aspect, the first material has a first Young’s
modulus and the second material has a second Young’s
modulus, wherein the first Young’s modulus is greater than
the second Young’s modulus.

In another aspect, the first material and the second mate-
rial have substantially similar coefficients of thermal expan-
sion.

In another aspect, the at least one annular layer further
comprises a third annular layer, the third annular layer
comprising a third material having a third Young’s modulus
greater than the second Young’s modulus and disposed
radially outward of the second annular layer and further
radially outward of the first annular layer.

In another aspect, the at least one annular layer comprises
an isogrid pattern, the isogrid pattern comprising: a rib
structure defining a rib height and a rib width; and a skin
defining a skin thickness.

In another aspect, the skin thickness is less than 0.030
inches and the rib width is less than 0.040 inches.
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In another aspect, the skin thickness is greater than or
equal to the rib width.

In another aspect, the skin thickness is less than or equal
to 0.027 inches and the rib width is less than or equal to
0.025 inches.

In another aspect, the rib structure further defines a pattern
spacing between a first rib and a second rib, the pattern
spacing being less than or equal to 2.0 inches.

In another aspect, the pattern spacing is less than or equal
to 1.5 inches.

Another aspect provides component for a turbine engine,
the component having: a reinforcing structure, comprising:
a rib structure defining a rib height and a rib width; and a
skin defining a skin thickness; and a plurality of annular
layers, comprising: a first annular layer; and a second
annular layer, wherein the skin thickness is defined at least
in part by each of the first and second annular layers.

In another aspect, the first annular layer comprises a first
material having a first Young’s modulus and the second
annular layer comprises a second material having a second
Young’s modulus, wherein the first Young’s modulus is
greater than the second Young’s modulus.

In another aspect, the rib width is defined at least in part
by each of the first and second annular layers.

In another aspect, the plurality of annular layers further
comprises a third annular layer, the third annular layer
comprising a third material having a third Young’s modulus
greater than the second Young’s modulus and disposed
radially outward of the second annular layer and further
radially outward of the first annular layer.

In another aspect, the second annular layer defines more
of the skin thickness than either of the first and third annular
layers.

In another aspect, the skin thickness is less than or equal
to 0.025 inches and the rib width is less than or equal to
0.020 inches.

In another aspect, the skin thickness is greater than or
equal to the rib width.

In another aspect, the reinforcing structure comprises an
isogrid pattern.

Another aspect provides a method for forming a compo-
nent of a turbine engine, the method including: spraying,
with a nozzle, a first particulate and a second particulate
towards a substrate; depositing the first particulate on the
substrate to form a first isogrid layer; and depositing the
second particulate on the first isogrid layer to form a second
isogrid layer.

We claim:
1. A method for forming a closed loop annular component
of a turbine engine, the method comprising:

spraying, with a nozzle, a first particulate of a first
material towards a substrate;

spraying, with the nozzle, a second particulate of a second
material towards the substrate;

maintaining a spray distance and a spray angle between
the nozzle and the substrate during spraying;

depositing the first particulate on the substrate to form a
first annular layer; and

selectively depositing the second particulate on the first
annular layer to form a reinforcing structure, the rein-
forcing structure defining a pattern spacing between
corresponding deposits less than or equal to 2.5 inches,
wherein at least one of the substrate or the nozzle are
rotatable about an axis, and wherein the first particulate
is deposited radially inboard of the substrate relative to
the axis.
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2. The method of claim 1, wherein the first material and
the second material are the same.

3. The method of claim 1, wherein the first particulate is
further deposited radially outboard of the substrate relative
to the axis.

4. The method of claim 1, wherein the reinforcing struc-
ture comprises an isogrid pattern, the isogrid pattern com-
prising:

a rib structure defining a rib height and a rib width; and

a skin between adjacent ribs of the rib structure, the skin

defining a skin thickness.

5. The method of claim 4, wherein the skin thickness is
less than 0.030 inches and the rib width is less than 0.040
inches.

6. The method of claim 4, wherein the skin thickness is
greater than or equal to the rib width.

7. The method of claim 4, wherein the skin thickness is
less than or equal to 0.027 inches and the rib width is less
than or equal to 0.025 inches.

8. The method of claim 4, wherein the pattern spacing is
less than or equal to 2.0 inches.

9. The method of claim 8, wherein the pattern spacing is
less than or equal to 1.5 inches.

10. A method for forming a closed loop annular compo-
nent of a turbine engine, the method comprising:

spraying, with a nozzle, a first particulate and a second

particulate towards a substrate;

depositing the first particulate on the substrate to form a

skin, the skin defining a skin thickness less than or
equal to 0.030 inches; and

depositing the second particulate on the skin to form a first

reinforcing structure layer having a plurality of ribs, the
first reinforcing structure layer defining a rib spacing
less than or equal to 2.5 inches between adjacent ones
of the plurality of ribs.

11. A method for forming a closed loop annular compo-
nent of a turbine engine, the method comprising:

spraying, with a nozzle, a first particulate of a first

material towards a substrate;

spraying, with the nozzle, a second particulate of a second

material towards the substrate;

maintaining a spray distance and a spray angle between

the nozzle and the substrate during spraying;

depositing the first particulate on the substrate to form a

first annular layer; and

selectively depositing the second particulate on the first

annular layer to form a reinforcing structure, the rein-
forcing structure defining a pattern spacing between
corresponding deposits less than or equal to 2.5 inches,
wherein at least one of the substrate or the nozzle are
rotatable about an axis, wherein the first particulate is
deposited radially outboard of the substrate relative to
the axis, and wherein the reinforcing structure com-
prises an isogrid pattern, the isogrid pattern compris-
ing:

a rib structure defining a rib height and a rib width; and

a skin between adjacent ribs of the rib structure, the skin

defining a skin thickness wherein the skin thickness is
less than 0.030 inches and the rib width is less than
0.040 inches.

12. The method of claim 11, wherein the first material and
the second material are the same.

13. The method of claim 11, wherein the skin thickness is
greater than or equal to the rib width.

14. The method of claim 11, wherein the skin thickness is
less than or equal to 0.027 inches and the rib width is less
than or equal to 0.025 inches.
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15. The method of claim 11, wherein the pattern spacing
is less than or equal to 2.0 inches.

16. The method of claim 15, wherein the pattern spacing
is less than or equal to 1.5 inches.
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